Introduction {#S0001}
============

Glioma is the most frequent primary brain tumor in adults and has a poor prognosis owing to the limited therapeutic efficacy of conventional treatments including surgical resection, radiotherapy, and chemotherapy.[@CIT0001] Moreover, treatment strategies upon disease recurrence are limited and lack efficacy.[@CIT0002] Therefore, the new treatment approaches for glioma are urgently needed.

Ipilimumab, targeting the human cytotoxic lymphocyte antigen-4 (CTLA4), was the first immune checkpoint blocking antibody approved for the treatment of advanced melanoma by the United States Food and Drug Administration (FDA), thus opening a new era of anti-tumor immunotherapy. Subsequently, two monoclonal antibodies (pembrolizumab and nivolumab) against the PD-1 receptor were approved by the FDA. Since significantly longer recurrence-free survival and a lower rate of severe adverse effects have been observed for PD-1 antibody than for CTLA4 blockade therapy in the treatment of advanced melanoma,[@CIT0003] PD-1 blockade has recently received increasing attention. Thus, the indication for PD-1 blockade therapy in advanced solid tumors has rapidly extended from melanoma to other types of cancers, such as non-small cell lung cancer, head and neck squamous cell cancer, colorectal cancer, hepatocellular carcinoma, and renal cell carcinoma; however, this has excluded glioma to date. Although preclinical studies have reported distinctive anti-tumor effects of PD-1 blockade in gliomas[@CIT0004],[@CIT0005] and relevant clinical trials are underway (eg, NCT02852655 and NCT03925246, [<https://clinicaltrials.gov/>]{.ul}), the evidence is still insufficient for the clinical application of PD-1 blockade therapy in glioma. Moreover, limited information is available regarding the expression and prognosis of PD-1 in glioma.

PD-1 Expression on T cells in malignant glioma patients reflects the exhaustion and activation of T cells.[@CIT0006] PD-1 signaling blockade therapy can restore T cell function and promote the anti-tumor immune response.[@CIT0007] Considering the importance of PD-1 in regulating the immune response in the glioma microenvironment, studies deciphering the immune characteristics of PD-1 in gliomas are urgently needed.

Although accumulating evidence indicates the upregulation of PD-1 in glioma tumor tissue,[@CIT0005],[@CIT0008] few studies have focused on the comprehensive characteristics of PD-1 expression in glioma. Therefore, we comprehensively analyzed *PDCD1* gene expression, immune characteristics, and patient prognosis in diffuse glioma with, thus far, the largest sample size to date, containing 1396 patients. The CGGA database with 626 glioma patients, including RNA-sequencing (RNA-seq) data and mRNA microarray data from 325 and 301 glioma patients, respectively, was first analyzed as training datasets. Subsequently, the findings were validated in a cohort of 697 glioma patients from the TCGA database, as well as our own cohort of 73 glioma patients from the First Affiliated Hospital of Zhengzhou University. This study showed that PD-1 was obviously upregulated in the more malignant subtypes of gliomas, involved in pivotal biological processes, which were closely related to the immune response, and indicated a worse clinical prognosis. Thus, immunotherapy based on PD-1 blockade may provide a promising strategy for glioma therapy.

Patients and Methods {#S0002}
====================

Data Sources {#S0002-S2001}
------------

mRNA expression, DNA methylation data and clinicopathologic outcome information of glioma patients were downloaded from the CGGA ([<http://www.cgga.org.cn/>]{.ul}) and the TCGA ([<http://cancergenome.nih.gov/>]{.ul}) databases, according to the CGGA and TCGA data sharing agreements, and normalized for analysis. In the CGGA database, RNA-seq data from 325 samples and mRNA microarray data from 301 samples were included and analyzed as training cohorts. To validate the findings of the CGGA datasets, RNAseq data of 697 glioma samples of whole grade from the TCGA database were harnessed as a validation cohort. PD-1 transcriptional expression data of 1323 samples were evaluated and the clinicopathologic features of these patients are summarized in [[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}.

Patients and Tumor Samples {#S0002-S2002}
--------------------------

A total of 73 glioma patients were collected from the First Affiliated Hospital of Zhengzhou University from January 2016 to December 2018. Signed informed consent forms were obtained from all subjects. All patients underwent surgery and fresh tumor tissue was obtained afterwards. The clinicopathologic features, including gender, age, WHO grade, *IDH* mutation status, and overall survival time were collected ([[Table S2](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}).

RNA Isolation and Real-Time PCR {#S0002-S2003}
-------------------------------

Total RNA was extracted from 50\~100mg fresh tumor tissue lysed with 1 mL RNAiso Plus (TaKaRa, Tokyo, Japan). Complementary DNA was generated by reverse transcriptase reaction with 1μg total RNA using the PrimeScript™ RT reagent Kit (TaKaRa, Tokyo, Japan) according to the manufacturer's directions. The expression levels of *PDCD1* and *GAPDH* were tested using ChamQ SYBR Color qPCR Master Mix (Vazyme, Jiangsu, China) in a CFX96™ Real-Time PCR Detection Systems (Bio-Rad, CA, USA). The genes were amplified under the conditions: 95 °C for 5 minutes; and 40 cycles of 95 °C for 10 seconds, and 60 °C for 30 seconds. Primers for *PDCD1* were as follows: sense-5ʹ-CCAGGATGGTTCTTAGACTCCC-3ʹ, and antisense-5ʹ-TTTAGCACGAAGCTCTCCGAT-3ʹ; product length was 137 bp. Primers for *GAPDH* were as follows: sense-5ʹ-GCACCGTCAAGGCTGAGAAC-3ʹ, and antisense-5ʹ-TGGTGAAGACGCCAGTGGA-3ʹ; product length was 138 bp. The house-keeping gene *GAPDH* was used as internal reference and *PDCD1* expression level was ascertained using the 2^−ΔΔCt^ method followed by logarithmic transformation of base 2.

Statistical Analysis {#S0002-S2004}
--------------------

Variables with two groups were reported as mean ± standard error of the mean (SEM) followed by a comparison using a two-tailed Student's *t*-test. The differences for more than two groups were analyzed using one-way ANOVA followed by a Bonferroni *post hoc* test. Survival differences were estimated using Kaplan--Meier analysis followed by a Log rank test. GO analysis was conducted using the database for annotation, visualization and integrated discovery (DAVID) 6.8 ([<http://david.abcc.ncifcrf.gov/home.jsp>]{.ul}) for functional annotation of PD-1-related genes. Pearson correlation analysis was used to evaluated the correlation between PD-1 and other genes. R language ([<https://www.r-project.org/>]{.ul}) and GraphPad Prism v7.0 software (GraphPad, USA) were employed for statistical analysis and generating figures. The R packages (pheatmap, ggplot2, pROC, and corrgram) were used for visualization of figures. A *p*-value of \< 0.05 was considered statistically significant.

Results {#S0003}
=======

*PDCD1* Was Upregulated in Glioblastoma (GBM) and *IDH* Wild-Type Glioma {#S0003-S2001}
------------------------------------------------------------------------

To explore an overview of *PDCD1* (encoding PD-1) expression status in glioma, we first assessed *PDCD1* expression in 325 RNA-sequencing samples and 301 mRNA microarray samples from the CGGA database, according to different tumor grades. Higher expression of *PDCD1* was observed in GBM (WHO grade IV) than in grade II and III gliomas in the two CGGA datasets ([Figure 1A](#F0001){ref-type="fig"}), indicating that *PDCD1* upregulation was associated with a greater malignant potential in glioma. DNA methylation is a common epigenetic phenomenon in glioma, and promoter methylation of *PDCD1* is considered a favorable prognostic factor in diffuse lower-grade gliomas.[@CIT0009] Hence, we assessed promoter methylation of *PDCD1* in different grades of gliomas and found that promoter methylation of *PDCD1* was markedly higher in grade II and III gliomas than in GBM in the TCGA dataset, but not in the CGGA dataset ([[Figure S1A](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). Emerging evidence indicates that distinct clinical outcomes and the immune response in glioma patients depended on the *IDH* mutation status.[@CIT0010],[@CIT0011] Therefore, we further analyzed the association between *PDCD1* expression levels and the *IDH* mutation status in glioma. *IDH* wild-type glioma displayed higher *PDCD1* expression level than *IDH*-mutant glioma in the two CGGA datasets ([Figure 1B](#F0001){ref-type="fig"}). Additionally, receiver operating characteristic (ROC) curve analysis was harnessed to assess the performance of *PDCD1* gene expression in *IDH* wild-type patients. The area under curves (AUCs) were 74.6%, 78.3% and 78.1% in the CGGA RNA-seq, CGGA microarray and TCGA datasets, respectively ([[Figure S1B](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). These results indicated that *PDCD1* upregulation was significantly associated with the subtype of *IDH* wild-type glioma and *PDCD1* may act as a predictor of *IDH* wild-type glioma. Moreover, the upregulation of *PDCD1* gene expression in GBM and *IDH* wild-type glioma was also confirmed in the TCGA dataset ([Figure 1A](#F0001){ref-type="fig"} and [B](#F0001){ref-type="fig"}), as well as in our own cohort ([Figure 1C](#F0001){ref-type="fig"} and [D](#F0001){ref-type="fig"}). Taken together, these results indicated that PD-1 was a potential biomarker for GBM and *IDH* wild-type glioma.Figure 1*PDCD1* is significantly enriched in glioblastoma and IDH wild-type glioma. (**A**) *PDCD1* is highly expressed in glioblastoma (GBM, WHO grade IV) at the transcription level compared with grade II and grade III gliomas in the CGGA and TCGA datasets. (**B**) *PDCD1* is enriched in IDH wild-type glioma in the CGGA and TCGA datasets. (**C** and **D**) *PDCD1* is highly expressed in GBM (**C**) and *IDH* wild-type glioma (**D**) in our own cohort. \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001, \*\*\*\**p* \< 0.0001.

Enrichment of *PDCD1* in Mesenchymal GBM {#S0003-S2002}
----------------------------------------

To investigate the molecular expression profile of *PDCD1*, we analyzed the distribution of *PDCD1* expression in different molecular subtypes of GBM. *PDCD1* was significantly upregulated in the mesenchymal subtype compared with the other subtypes in the CGGA and TCGA datasets ([Figure 2A](#F0002){ref-type="fig"}), except for the classical subtype in the CGGA microarray dataset, probably due to the small sample size ([Figure 2A](#F0002){ref-type="fig"}). To further confirm these findings, ROC analysis was performed to investigate the potential diagnostic value of *PDCD1* expression in mesenchymal GBM and the AUCs were 75.6%, 78.3%, and 85.1% for the CGGA mRNA-seq, CGGA microarray, and TCGA datasets, respectively ([Figure 2B](#F0002){ref-type="fig"}). These results showed that PD-1 was selectively enriched in the mesenchymal subtype, which is the most malignant subtype in GBM, and was a potential predictor for this group of GBM.Figure 2*PDCD1* shows a strong expression pattern in the mesenchymal molecular subtype of GBM. (**A**) *PDCD1* is highly enriched in the mesenchymal molecular subtype of GBM compared with three other subtypes in the CGGA and TCGA datasets. (**B**) ROC analysis of *PDCD1* expression in mesenchymal glioma from the CGGA and TCGA datasets and the area under curves (AUCs) are 0.756, 0.783 and 0.851, respectively. \*\*\*\**p* \< 0.0001.

Correlation Between *PDCD1* and *PDCD1*-Related Regulatory Genes in Glioma {#S0003-S2003}
--------------------------------------------------------------------------

Since *PDCD1* was upregulated in the more malignant subtypes of gliomas, these data facilitated the investigation of the regulatory mechanism of *PDCD1* in glioma. Thus, we accessed the association between *PDCD1* and regulatory genes, including transforming growth factor beta 1 (*TGFB1*), T-box transcription factor 21 (*TBX21*), and special AT-rich sequence-binding protein 1 (*SATB1*), which are involved *PDCD1* regulation in T cells under different disease conditions.[@CIT0012]--[@CIT0015] Pearson's correlation analysis was performed for both the CGGA and TCGA databases. In accord with the results in prostate cancer,[@CIT0012] *TGFB1* was positively correlated with *PDCD1* in both glioma and GBM in the CGGA and TCGA datasets ([[Figures S2A--2F](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). In virus-specific CD8^+^ T cells, *TBX21* potentially suppresses *PDCD1* expression.[@CIT0013],[@CIT0014] Nevertheless, a marginal association between *PDCD1* and *TBX21* was observed in glioma from the CGGA and TCGA databases ([[Figures S2A--2F](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}), indicating that *TBX21* had a limited effect on *PDCD1* expression in glioma. In a mouse model of Lewis lung carcinoma, *Satb1* was verified to suppress *Pdcd1* expression during T cell activation.[@CIT0015] Intriguingly, in glioma and GBM, a remarkably negative relationship between *SATB1* and *PDCD1* was observed in the CGGA and TCGA datasets, except for GBM in the TCGA database ([[Figures S2A--2F](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). Thus, PD-1 was potentially upregulated by TGFB1 and downregulated by SATB1 in glioma, while the regulatory function of TBX21 in glioma remains obscure.

*PDCD1* Was Synergistic with Immune-Related Molecules in Glioma {#S0003-S2004}
---------------------------------------------------------------

The *PDCD1* checkpoint pathway is obviously associated with costimulatory and coinhibitory molecules in several solid tumors,[@CIT0007] thus prompting the investigation of the association between *PDCD1* and immune-related genes in glioma. *PDCD1* displayed a positive correlation with certain *CD28* gene family members, including *CD28, CTLA4*, and inducible T-cell costimulatory (*ICOS*), both in the CGGA RNA-seq dataset ([Figure 3A](#F0003){ref-type="fig"}) and the CGGA microarray dataset ([Figure 3B](#F0003){ref-type="fig"}). In line with the CGGA datasets, the positive association between *PDCD1* and these immune genes was confirmed in the TCGA database ([Figure 3C](#F0003){ref-type="fig"}). Furthermore, similar results were obtained in GBM samples from the CGGA and TCGA datasets ([Figure 3D](#F0003){ref-type="fig"}--[F](#F0003){ref-type="fig"}).Figure 3Relationship between *PDCD1* and immune regulatory molecules. (**A**--**F**) Pearson's correlation analysis of *PDCD1* with some *CD28* gene family members in diffuse glioma (**A**--**C**) and GBM (**D**--**F**) in the CGGA and TCGA datasets. (**G**--**L**) Pearson's correlation analysis of *PDCD1* with coinhibitory checkpoints in diffuse glioma (**G**--**I**) and GBM (**J**--**L**) in the CGGA and TCGA datasets.

With respect to inhibitory immune checkpoints, *PDCD1* displayed high concordance with T-cell immunoglobulin domain and mucin domain 3 (*TIM-3*), T-cell immunoglobulin and immunoreceptor tyrosine-based inhibition motif domains (*TIGIT*), and lymphocyte activation gene-3 (*LAG3*) in gliomas from the CGGA and TCGA datasets ([Figure 3G](#F0003){ref-type="fig"}--[I](#F0003){ref-type="fig"}). The obvious heterogeneity according to different grades of glioma facilitated the investigation of the associations between *PDCD1* and these immune checkpoint genes in GBM, which is the most malignant grade in glioma. As expected, these immune checkpoint genes displayed an association with *PDCD1* in GBM samples from the CGGA and TCGA datasets ([Figure 3J](#F0003){ref-type="fig"}--[L](#F0003){ref-type="fig"}). Furthermore, we assessed the correlation between *PDCD1* and other CD28-B7 family genes. *PDCD1* was closely associated with its primary ligands *CD274* (also known as: programmed cell death 1 ligand 1, *PD-L1*), programmed cell death 1 ligand 2 (*PDCD1LG2*), and the costimulatory molecules *CD80* and *CD86* in diffuse glioma from the CGGA and TCGA datasets ([[Figures S3A--3C](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). Moreover, similar results were obtained in GBM from the CGGA and TCGA datasets ([[Figures S3D--3F](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). Together, these findings indicated that PD-1 plays an important role in costimulatory and coinhibitory immune responses in glioma, and acts as a cardinal immune regulatory molecule in glioma.

PD-1-Related Immune Responses in Glioma {#S0003-S2005}
---------------------------------------

To assess the PD-1-associated immune characteristics in glioma, gene sets associated with the immune response ([<http://amigo.geneontology.org/amigo/landing>]{.ul}) were refined. The genes primarily associated with *PDCD1* (Pearson \|r\| \>0.4) were identified in the CGGA RNA-seq ([Figure 4A](#F0004){ref-type="fig"}) and TCGA RNA-seq ([Figure 4B](#F0004){ref-type="fig"}) datasets, respectively. GO analysis in DAVID bioinformatics resources 6.8 was performed to decipher the biological functions of these genes. As a result, genes positively associated with *PDCD1* were significantly enriched in the immune response, inflammatory response, regulation of the immune response, IFN-γ-mediated signaling pathway, T cell costimulation, and T cell activation in the CGGA datasets ([Figure 4C](#F0004){ref-type="fig"}, left). Similar outcomes were also verified in the TCGA dataset ([Figure 4C](#F0004){ref-type="fig"}, right). These results revealed that PD-1 largely participates in immune regulation in glioma, especially in T cell-mediated immune responses.Figure 4*PDCD1*-related immune genes and characteristics in glioma. (**A** and **B**) *PDCD1* shows a markedly positive correlation with most immune genes in both the CGGA and TCGA databases. (**C**) GO analysis shows that *PDCD1* is involved in some important immune-related biological processes in glioma. The yellow plots represent the number of genes for each column and the lines represent the tendency for changes in gene number.

Association Between PD-1 and Inflammatory Activities {#S0003-S2006}
----------------------------------------------------

Inflammation was closely associated with the initiation, progression and metastasis in many tumors[@CIT0016],[@CIT0017] and we also found that *PDCD1*-related genes were closely associated with inflammatory responses in glioma ([Figure 4](#F0004){ref-type="fig"}). To further understand the association between *PDCD1* and inflammatory activities, seven clusters of metagenes, serving as surrogate markers for different immune cell types and representing different types of inflammation and immune responses,[@CIT0018] were analyzed. *PDCD1* expression was significantly associated with most of the seven clusters in the CGGA database, except for IgG which was tightly associated with the activity of B lymphocytes ([Figure 5A](#F0005){ref-type="fig"}). To validate these results, seven metagenes were generated with outcomes from gene set variation analysis (GSVA) of the corresponding gene clusters. Corrgrams were derived based on Pearson's r values between *PDCD1* and the seven metagenes ([Figure 5B](#F0005){ref-type="fig"}). *PDCD1* was positively associated with LCK, MHC-II, HCK, and STAT1 and negatively associated with IgG and IFN-γ, as observed in [Figure 5A](#F0005){ref-type="fig"}. Similar results were confirmed in the TCGA database ([[Figures S4A--4B](https://www.dovepress.com/get_supplementary_file.php?f=238174.doc)]{.ul}). Together, these findings revealed that PD-1 was deeply involved the regulation of inflammatory responses in glioma.Figure 5*PDCD1*-related inflammatory activities in the CGGA database. (**A**) The heatmap of *PDCD1*-related inflammatory metagenes in the CGGA cohort. (**B**) Corrgrams of *PDCD1* and inflammatory metagenes in the CGGA cohort; pink color represents positive correlations and green color represents negative correlations.

Highly Expressed *PDCD1* Predicted Worse Survival in Glioma {#S0003-S2007}
-----------------------------------------------------------

To address the prognostic implication of PD-1 in all grades of gliomas, survival differences of 1323 glioma patients were analyzed via the Kaplan--Meier method. *PDCD1* upregulation significantly decreased the overall survival time of glioma patients in the CGGA RNA-seq (*p* \< 0.0001), CGGA microarray (*p* = 0.0012) and TCGA RNA-seq (*p* \< 0.0001) datasets ([Figure 6A](#F0006){ref-type="fig"}--[C](#F0006){ref-type="fig"}). Similarly, high expression of *PDCD1* indicated a worse prognosis in GBM patients in the CGGA RNA-seq (*p* = 0.0002), CGGA microarray (*p* = 0.0100) and TCGA RNA-seq (*p* = 0.017) datasets ([Figure 6D](#F0006){ref-type="fig"}--[F](#F0006){ref-type="fig"}). Additionally, patients with high expression of *PDCD1* suffered a shorter survival time than patients with low expression of PDCD1 in all grades of glioma in our own cohort (*p* \< 0.0001, [Figure 6G](#F0006){ref-type="fig"}). These findings indicated that PD-1 was a negative prognostic marker in glioma and GBM.Figure 6Survival analysis of *PDCD1* expression in glioma. (**A**--**C**) Kaplan--Meier analysis of overall survival between the *PDCD1*^high^ group and the *PDCD1*^low^ group in diffuse glioma patients in the CGGA and TCGA datasets. (**D**--**F**) The difference of overall survival between the *PDCD1*^high^ group and the *PDCD1*^low^ group in GBM (WHO, grade IV) patients in the CGGA and TCGA datasets. (**G**) The difference of overall survival between the *PDCD1*^high^ group and the *PDCD1*^low^ group in our own cohort of 73 glioma patients.

Discussion {#S0004}
==========

Owing to the absence of improvement in glioma treatment for several decades, glioma remains the most common and fatal disease in brain tumors.[@CIT0001] Moreover, brain tumor associated mortality has increased slightly according to the newest epidemiological data.[@CIT0019] Thus, the development of novel therapeutic approaches to improve the survival of glioma patients is urgently needed. Increasing evidence indicates that the immunosuppressive tumor microenvironment results in the evasion of glioma cells from the eradication by immunologic effector cells,[@CIT0020] indicating that immunotherapy is a promising strategy to retard tumor progression and increases patient survival.[@CIT0021] Recently, encouraging results have been obtained in preclinical studies and clinical trials involving in treatment with immune checkpoint blockade in glioma,[@CIT0022] thus indicating the potential of immunotherapy in glioma.

*PDCD1* is a member of the *CD28* gene family and has become one of the most distinguished targets in anti-tumor immunotherapy for numerous advanced solid tumors, excluding glioma.[@CIT0023] Although aberrant *PDCD1* expression in glioma has been previously reported previously, larger samples are essential to comprehensively assess the entire expression profile of *PDCD1* in glioma. Therefore, we performed the largest and most comprehensive study characterizing the expression pattern and distribution of *PDCD1* in 1396 glioma samples using the CGGA and TCGA datasets, as well as our own patient cohort. *PDCD1* was significantly upregulated in GBM in comparison to grade II and III gliomas. *PDCD1* was strongly enriched in the mesenchymal subtype of GBM, which is the most malignant subset of GBM.[@CIT0024] Moreover, *PDCD1* was significantly upregulated in *IDH* wild-type glioma patients, which had a worse prognosis than *IDH*-mutant glioma patients, indicating that *IDH* potentially contributed to *PDCD1* upregulation. These results indicated that PD-1 serves as a marker for more malignant subtypes in glioma, and might be a feasible therapy target for glioma.

*PDCD1* promoter methylation has been considered as a beneficial prognostic factor in lower-grade glioma.[@CIT0009] In this study, we found that *PDCD1* promoter methylation levels were much lower in GBM than in grade II and III gliomas in the TCGA database, implying that *PDCD1* upregulation in GBM may partially result from *PDCD1* promoter demethylation. PDCD1 promoter methylation levels in GBM marginally decreased compared to those in grade II and III gliomas in the CGGA RNAseq dataset, which might be due to a relatively small number of samples with a messy distribution. Regarding the upstream regulation of *PDCD1*, our findings indicated that *PDCD1* expression could be positively and negatively regulated by *TGFB1* and *SATB1* in glioma, respectively, while the regulatory function of *TBX21* remained unclear. Hence, promoter methylation, *TGFB1*, and *SATB1* potentially regulated *PDCD1* expression in glioma.

As a well-known immune checkpoint molecule, the association between PD-1 and other immune checkpoint members in glioma is still unknown. In this study, the association between *PDCD1* and CD28 family genes was analyzed, and the results revealed that *PDCD1* was positively associated with *CD28, CTLA4*, and *ICOS*. Since CD28 is a primary target for PD-1-mediated inhibition in the tumor milieu,[@CIT0025],[@CIT0026] the high relevance between *CD28* and *PDCD1* in glioma implies a promising anti-tumor effect of PD-1 blockade therapy. Unfortunately, PD-1 inhibition therapy in combination with bevacizumab had limited survival benefits in comparison with bevacizumab treatment alone in recurrent high-grade glioma.[@CIT0027] Moreover, a Phase III clinical trial (registration no. NCT02017717, clinicaltrials.gov) demonstrated anti-PD-1 (nivolumab) did not prolong overall survival of patients with recurrent GBM, and the trial was prematurely closed.[@CIT0028] There are some reasons for the unsatisfactory anti-GBM effects of anti-PD-1 therapy, such as immunosuppressive molecular characteristics of the tumor microenvironment,[@CIT0029] PTEN mutations,[@CIT0030] and additional effort is needed to dissect the tolerance mechanisms.[@CIT0031] Since single immune checkpoint blockade rarely obtained optimal tumor control, combinatorial treatment with different checkpoint inhibitors was rapidly developed in some tumors.[@CIT0032] Additionally, Wei et al has reported the distinct regulatory mechanisms between anti-CTLA4 and anti-PD-1 checkpoint inhibition in melanoma.[@CIT0033] A marked association between *PDCD1* and *CTLA4* in glioma indicated that combinatorial inhibition with these two checkpoints would potentially yield a synergetic therapeutic effect in glioma. Interestingly, it's reported that combination therapy with anti--CTLA-4 plus anti--PD-1 cured 75% of the animals with established intracranial GL261 glioblastoma, including those with advanced-stage tumours.[@CIT0034] Unfortunately, instead of the inspiring results in mouse model, the combination of anti-CTLA-4 (Ipilimumab) and anti-PD-1 (nivolumab) did not acquire more improvement than anti-PD-1 alone in GBM patients in the phase III clinical trial mentioned above.[@CIT0028] Accordingly, combinatorial inhibition of PD-1 with CTLA-4 may be not worth considering in glioma patients. Koyama et al has reported that TIM-3 upregulation after PD-1 inhibition was a key mechanism underlying adaptive resistance to anti-PD-1 treatment in lung adenocarcinoma,[@CIT0035] suggesting that combinatorial treatment with TIM-3 inhibitor may overcome the resistance of anti-PD-1 therapy. Indeed, combinatorial treatment with immune checkpoint inhibitors of PD-1 and TIM-3,[@CIT0036] and PD-1 and TIGIT[@CIT0037] have shown prominent anti-tumor activity and increased the survival of glioma-bearing mice, indicating that combinatorial treatment with different immune checkpoint inhibitors based on PD-1 inhibition could be a promising therapy option for glioma patients.

The crosstalk between cancer and inflammation largely enhances tumor progression and diminishes the anti-tumor therapy efficacy.[@CIT0017] PD-1 predominantly causes T cell inhibition and exhaustion[@CIT0038] and facilitates immune evasion of glioma cells.[@CIT0021],[@CIT0039] GO analysis revealed that *PDCD1*-related genes were deeply involved in the inflammation response and the T cell-associated immune response, indicating that PD-1 potentially boosted tumor progression by regulating tumor-associated inflammation and T cell-related immune responses in glioma.

Furthermore, the present study showed that *PDCD1* upregulation predicted a significantly worse prognosis among glioma and GBM patients. The significant prognostic value of PD-1 further implied that immunotherapy based on PD-1 inhibition could improve the prognosis of glioma patients.

The limitation of this study was that some noise in the databases would have inevitably influenced our findings and conclusions; hence, the present results require further validation through well-designed molecular biology assays.

Conclusions {#S0005}
===========

In conclusion, PD-1 upregulation predicted more malignant subtypes and indicated a worse prognosis in glioma. *PDCD1* was deeply involved in tumor-associated inflammation and T cell-related immune responses in glioma. Immunotherapy of targeting PD-1 or simultaneously combined with other checkpoint molecule (eg TIM-3, LAG-3 or TIGIT) inhibition represents a promising treatment strategy for glioma patients in the future.
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